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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce partiality of data and a 
decrease conflicts by generating an address of a table on the basis 
of a virtual key and making access to an entry possible with the 
generated address. 

SOLUTION: This device is equipped with a virtual key generation 

part 8, an address generation part 3, a table 7 f and a control part 5, i^l^^j^d^^g^, 
and in the table 7, an entry consisting of one key and a record ™™^. ^- 

corresponding to it is made to correspond to each address. This 
device registers and retrieve data (composed of a key and a 
record) to each entry of the table 7 under the control of the 
control pat 5, but the virtual key generation part 8 generates a 
virtual key in this case from a given key by a hash function and the 
address generation part 3 generates an address on the basis of the 
virtual key. Then, each entry of the table 7 is accessed with the 
generated address to register and retrieve data. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

1. This document has been translated by 
computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be 
translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The table on which it had two 
or more entries which consist of a group 
of the record corresponding to one key 
and it, and the address was shaken at 
each entry, The virtual key generating 
section which generates a virtual key 
using a Hash Function based on the given 
key, Associative storage characterized by 
enabling access to said each entry with 
the address which was equipped with the 
address generating section which 
generates the address of said table based 
on the virtual key generated in said 
virtual key generating section, and was 
generated using the hashing method. 
[Claim 2] Associative storage according to 
claim 1 characterized by having the 
address re -calculation section which 
re calculates an address based on the 
virtual key generated in said virtual key 
generating section when an address is 



generated in said address generating 
section and a collision takes place. 
[Claim 3] Associative storage according to 
claim 1 characterized by having the tree 
structure generation control means 
which generates the tree structure using 
said link by the size comparison of said 
virtual key when an address is generated 
in said address generating section and a 
collision takes place, while establishing 
the link of two or more branching in each 
entry of said table, 

[Claim 4] The table on which it had two 
or more entries which consist of a group 
of one key, the standard key 
corresponding to it, and a record, and the 
address was shaken at each entry, The 
standard key generating section which 
generates a standard key using a Hash 
Function based on the given key, The 
virtual key generating section which 
generates a virtual key using a Hash 
Function based on the'* standard "-key" 
generated in said standard key 
generating section, Associative storage 
characterized by enabling access to said 
each entry with the address which was 
equipped with the address generating 
section which generates the address of 
said table based on the virtual key 
generated in said virtual key generating 
section, and was generated using the 
hashing method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the associative storage which 
used especially hashing technique for 
various computers about available 
associative storage. To the given key, 
associative storage is equipment with 
which the record related with it is 
searched, and is used for the general 
equipment which needs management of 
the symbol table of a computer language 
processor and the data associative 
retrieval in a database etc. 
[0002] 

[Description of the Prior Art] Hereafter, 
the conventional example is explained 
based on a drawing. 

(1) • the explanato ry view IS of 

associative storage. V and hashing 
equipment is the explanatory view 1 of 
the conventional example, and, as for 
associative storage and B Fig., A Fig. 
shows hash equipment. Moreover, 
drawing 16 is the explanatory view 2 of 
the conventional example, and, as for 
open address ■ method hash equipment 
and B Fig., A Fig. shows chain method 
hash equipment (in the case of a 
dichotomy tree). 

[0003] For example, equipment (it is 
described as "hashing equipment" or 
"hash equipment" below) using the 



hashing method as a basic technique for 
associative storage implementation of the 
symbol table used by the processor of a 
computer language is widely used so that 
Mr. Seiichi Nishihara's description "the 
technique of hashing and application" 
(Information Processing Society of Japan, 
Vol, 21, No.9, Sep. 1980) may see. 
[0004] Associative storage is equipment 
with which the data (it is described as a 
"record" below) related with the key k are 
searched using the key (it is usually a 
character string) k given to data, as 
shown in A Fig. of drawing 15 . The 
information related if needed is added in 
said retrieval processing. The concept of 
associative retrieval equipment can be 
expressed as a table (table) 7 with Key k 
and a record. 

[0005] for example, in the processor of 
computer language, in order to analyze 
language, to identifiers which appeared 
- in the program; -such as reserved word 
and a variable name, the mold needs to 
store various information, such as 
something, and it is necessary to use it to 
whether it is reserved word and a 
variable name In such a situation, from 
an identifier, in order to obtain the 
related information, associative storage is 
used. 

[0006] By the way, hashing equipment is 
a kind of associative retrieval equipment, 
it was shown in B Fig. of drawing 15 - as 
-- hashing equipment setting - each 
entry (group of one key and the record 
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corresponding to it) of associative storage 
(it corresponds to a table 7) - addresses 
(address) 1, 2, 3, 4, and 5 ... is shaken. For 
example, in the case of a table with m 
entries, it is possible that the address 
(address) of 0 to m-1 is shaken. 
[0007] The address in which the retrieval 
in hashing equipment stores the record 
by the address generating section 3 from 
the key k given first is calculated. The 
value acquired as an address must be 
under or more 0m. The function which 
calculates an address from Key k is called 
a "Hash Function." The value which can 
be taken as a key k is expressed with "a 
key set", a call, and K. The set which can 
be taken as an address is expressed with 
"an address set", a call, and A. Therefore, 
Hash Function (it corresponds to internal 
function of the address generating section 
3) h will be a function called h-K->A. 
[0008] If the entry of the address 
calculate*! 'using.-, the /Hash;: Function is 
vacant* - the- record related with Key k and 
it is stored there. Also in the case of 
retrieval, address calculation is carried 
out by the approach more nearly same 
than the given key k, and it looks for an 
entry with the key k. Generally, since 
there are few entries of a table far than 
the number (it is the number of elements 
of Set K, and the case of infinity is 
included theoretically) of the key which 
may be recognized, the phenomenon in 
which the same address is calculated 
happens from a different key. This is 



called "a collision." 

[0009] Some approaches are proposed as 
management when said collision takes 
place. As the approach, it is the approach 
called an open address method or a chain 
method. The open address method hash 
equipment using said open address 
method is shown in A Fig. of drawing 16 , 
and the chain method hash equipment 
using said chain method is shown in B 
Fig. of drawing 16 . 

[0010] When the address of a table 7 is 
calculated with said open address method 
hash equipment from the key k to which 
the address generating section 3 was 
given and a collision takes place, it is the 
approach the address re -calculation 
section 4 calculates a new address for 
said calculated address to origin with 
directions of a control section 5. In count 
of this new address,' a delta value is 
calculated by a certain approach at the 
original address,. 7 andvavnew: address* is 
-usually calculated- by adding- it -in many 
cases. 

[00 11] Moreover, with said chain method 
hash equipment, a link information is 
added to each entry of a table 7, and it 
ties to the entry prepared outside among 
tables 7. That is, if an address is 
calculated from the key k to which the 
address generating section 3 was given 
and a collision takes place, directions of a 
control section 5 will tie said link further 
using said key k. Moreover, the way of 
combining said open address method and 
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chain method was also proposed 
conventionally. 

[0012] **2: Processing explanation of 
open address method hash equipment ... 
Drawing 17 reference drawing 17 is the 
processing flow chart of conventional 
open address method hash equipment. 
Hereafter, based on drawing 17 , 
processing of open address method hash 
equipment is explained. In addition, 
S1-S6 show each processing step. 
[0013] In this processing, if Key k is given 
from the exterior (Si), the address 
generating section 3 will use the given 
key k, and will calculate Variable a by 
Hash Function h (k). And the address 
generating section 3 generates the 
address (this is only hereafter described 
as "Address a") to which said variable a 
points (S2). 

[0014] Next, if {table(a) as for which the 
entry of Address a is vacant judged 
^whether. ;it ^was^empty ^?}.:(S3X audi the 
control, section 5 is vacant, the record 
corresponding to Key k and it will be 
registered into the entry of Address a (S6), 
and registration will be ended. However, 
when the entry of Address a is not vacant, 
a control section 5 compares and judges 
{key(a) =k?} in accordance with the key k 
to which the key registered into Address 
a was given (S4). 

[0015] Consequently, if in agreement, 
since a key will be registered, processing 
is ended. However, a key is in agreement, 
and if there is nothing, the address 



re -calculation section 4 will calculate the 
new address for registration. And 
registration is performed by the new 
address obtained by said count. This 
activity is done until the vacant entry is 
found (S5). 

[0016] In addition, although it needs to be 
processed for a table 7 in fact in case 
there is no opening, in this example, since 
said processing part is easy, it is omitted, 
and is explained as what has an opening 
in a table 7. In said open address method, 
a collision may take place again at the 
calculated new address. In such a case, 
count of a new address will be continued 
until a vacant entry is found. Henceforth, 
in order to distinguish the collision which 
takes place by the first address 
calculation, and the collision which takes 
place by such re-calculation, the former 
will be called "primary impact" and the 
latter will be called "secondary impact." 
[0017] -^3^Processing::cexplara 
chain method- hash . equipment \:r 
Draw in g 1 8 reference drawing 13 is the 
processing flow chart of conventional 
chain method hash equipment. Hereafter, 
processing of chain method hash 
equipment is explained based on drawing 
18 . In addition, S11-S21 show each 
processing step. 

[0018] Hereafter, since it is easy, the case 
of the tree structure of dichotomy is 
explained. In this processing, if Key k is 
given from the exterior (Sll), the address 
generating section 3 will calculate 
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Address a by Hash Function h based on 
the given key k (S12). Next, {table(a) as 
for which the entry of Address a is vacant 
judges whether it is empty ?} (S13), and if 
vacant, a control section 5 will register 
the record corresponding to Key k and it 
into the entry of Address a (S16), and will 
end registration.. 

[0019] However, when the entry of 
Address a is not vacant, a control section 
5 compares and judges {key(a) =k?} in 
accordance with the key k to which the 
key registered into Address a was given 
(S14). Consequently, if in agreement, 
since a key will be registered, processing 
is ended. However, if the record which 
already has other keys in the entry of the 
address a to register is registered when a 
key is not in agreement namely, a key to 
register will be compared with the 
already registered key {k:key (a)} using a 
certain comparator (S15). 
j [0020] Consequently, when...the~ke'y k is™ 
larger,:-{k>key (a)} follows * the linkfor a 
large key. Moreover, when the key k is 
smaller, {k<key (a)} follows the link for a 
small key. or [ that the link tied to the 
larger one is vacant when following the 
link for a large key at this time ] - {-- or 
[ that the link tied to the smaller one is 
vacant' as for greater link (a) when 
judging whether it is empty ?} no OS 18) 
and following the link for a small key ] - 
{-- less-link (a) judges whether it is 
empty?} no (S17). 

[0021] consequently, when it judges that 



a link is vacant and comes out by said 
S17 and S18, since it means that 
registration by the key is not made, it 
registers the record of the key k which is 
going to carry out current registration. 
That is, a new entry is created and 
registered (S20). 

[0022] Moreover, if the entry already 
registered into the link for [ said ] 
following exists (Si 7, S18), the link of the 
still smaller one or the link of the larger 
one will be followed OS 19, S2l). And the 
key and k are compared again. The record 
corresponding to Key k and it which 
should be registered by repeating this 
will be registered into the suitable 
location in the tree structure. 
[0023] **4: Explanation of the example 1 
of an experiment ... Drawing 19 reference 
drawing 19 is the explanatory view of the 
conventional example 1 of an experiment. 
The example 1 of an experiment is an 
example ' wMch.^xpenmented using: the 
open - address : method hash equipment, 
shown in drawing 16 . In this experiment, 
it experimented using the data of 
illustration and the experimental result 
was obtained. 

[0024] as said experimental data - Key k 
- a, aa, ab, abc, b, be, cd, cc, bb, d, e, 
and .... it is 19 keys (character string) 
which consist of bcb(s), and magnitude 
(address number) of a table was set to 25. 
In this case, the count of primary impact 
was 9 times. And the re-calculation of the 
address at the time of a collision added 1 
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(address a+1 of a dimension), and the 
new address was generated by taking the 
remainder broken by table size 
(magnitude of a table). Said experimental 
result was as illustration and secondary 
impact was 78 times. 
[0025] **5- Explanation of the example 2 
of an experiment ... Drawing 20 reference 
drawing 20 is the explanatory view of the 
conventional example 2 of an experiment. 
The example 2 of an experiment is an 
example which experimented using the 
chain method hash equipment shown in 
B Fig. of drawing 16 . In this experiment, 
the same data as said example 1 of an 
experiment were used, and the 
experimental result was obtained. 
[0026] namely, - as experimental data - 
said example 1 of an experiment the 
same - Key k a, aa, ab, abc, b, be, cd, cc, 
bb, d, e, and .... it is 19 keys (character 
string) which consist of bcb(s), and 
^magnitude /. (address .number) of a- table 
t was-: set to . 25. In this case) 1 the* count of 
primary impact was 9 times. The depth of 
a dichotomy link was deep like 
illustration (there are many counts of 
dichotomy). 
[0027] 

[Problem(s) to be Solved by the 
Invention] The following technical 
problems occurred in the above 
conventional things. 

(l) : if a collision does not take place, the 
entry will be found in hash equipment in 
one count of a Hash Function to any keys, 



and it will be a very efficient approach. 
However, compared with the magnitude 
of the key set K, aggravation of the 
* effectiveness according [ the address set 
A ] to a collision since it is very small is 
not avoided. Therefore, although it is 
important in the design of efficient 
hashing . equipment how a collision 
(primary collision [ secondary ]) is 
prevented, it is difficult to reduce the 
count of a collision with said conventional 
equipment. 

[0028] (2) * the number of entries of a 
table (the number of elements of the 
address set A) is m, when n entries are 
vacant, ideally, it is count of the first 
Hash Function in the probability of n/m, 
and a vacant entry will be found. 
However, usually it worsens rather than 
it because of the deviation of the data 
distribution which actually occurs. 
Moreover, in a hashing method, the 
:secondaryjimpact from Which thexount of -' 
a re calculation of an address happens 
similarly for the deviation of data will be 
benefited large compared with ideal 
value. 

[0029] This invention solves such a 
conventional technical problem, is using 
a virtual address effectively, lessens 
deviation of data, is decreasing a collision 
(especially secondary impact), and aims 
at realizing the high-speed hash 
equipment near the condition of an ideal. 
Moreover, when a key has a certain 
structure, this invention is using the 
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count equipment of the virtual key 
reflecting it, and aims at realizing not 
only improvement in the speed of access 
of associative retrieval equipment but 
flexibility of access. 
[0030] 

[Means for Solving the Problem] Drawing 
1 is the principle explanatory view of this 
invention. This invention was constituted 
as follows in order to attain the 
aforementioned purpose. 
: (l) The table 7 on which it had two or 
more entries which consist of a group of 
the record corresponding to one key and 
it in associative storage, and the address 
was shaken at each entry, The virtual key 
generating section 8 which generates a 
virtual key using a Hash Function based 
on the given key, Based on the virtual key 
generated in said virtual key generating 
section 8, it had the address generating 
section 3 which generates the address of 
said table, >and.:accessv to. said .each: entry : - 
was enabled with the: address generated- 
using the hashing method. 
[0031] (2) : above (l) In associative 
storage, when an address is generated in 
said address generating section 3 and a 
collision takes place, it has the address 
re -calculation section 4 which 
recalculates an address based on the 
virtual key generated in said virtual key 
generating section 8. 

[0032] (3) • above (l) In associative 
storage, while establishing the link of two 
or more branching in each entry of said 



table 7, when an address is generated in 
said address generating section 3 and a 
collision takes place, it has the tree 
structure generation control means 
which generates the tree structure using 
said link by the size comparison of said 
virtual key. 

[0033] : (4) The table on which it had two 
or more entries which consist of a group 
of one key, the standard key 
corresponding to it, and a record, and the 
address was shaken at each entry, The 
standard key generating section which 
generates a standard key using a Hash 
Function based on the given key, The 
virtual key generating section which 
generates a virtual key using a Hash 
Function based on the standard key 
generated in said standard key 
generating section, Based on the virtual 
key generated in said virtual key 
generating section, it had the address 
generatingr.sectioiiJ which;" generates ..the- 
. address of said tableland access; to said 
each entry was enabled with the address 
generated using the hashing method. 
[0034] (Operation) The operation of this 
invention based on said configuration is 
explained based on drawing 1 . 
(l) : above (l) As for the entry which 
consists of an operation key and a record, 
access is performed through two steps of 
actuation as follows. First, the virtual key 
generating section 8 will generate a 
virtual key by the Hash Function in the 
1st step based on the key k, if Key k is 
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given. Next, in the 2nd step, the address 
generating section 3 generates the 
address in which the magnitude of a table 
more nearly actual than said obtained 
virtual key was made to reflect. Thus, if 
an address can be found, the address will 
perform access (registration/retrieval of 
data) to said entry. 

[0035] Thus, the transformation method 
suitable for the purpose can be used for 
the virtual key generating section 8 and 
the address generating section 3 by 
dividing into two steps conventionally the 
address calculation processing which was 
being performed by once with one 
associative storage. It becomes possible to 
decrease a collision by generating few 
virtual keys of the bias to the key which 
the virtual key generating section 8 has a 
bias, and appears. 

[0036] (2) : above (2) In the operation 
aforementioned associative storage, the 
address* % ^ recalculation .^ section v . 4v 
re -calculates -an address based .om the-, 
virtual key generated in said virtual key 
generating section 8, when an address is 
generated in said address generating 
section 3 and a collision takes place. 
[0037] In the re -calculation of said 
address, it is expectable that are using 
this, a new address with few biases will 
be easily calculated also in the case of a 
re -calculation, and its secondary impact 
decreases as a result since a virtual key 
appears uniformly. 

[0038] (3) : above (3) In the operation 



aforementioned associative storage, a 
tree structure generation control means 
generates the tree structure by the size 
comparison of said virtual key using said 
link, when an address is generated in 
said address generating section 3 and a 
collision takes place. 

[0039] In this case, the whole comparison 
is performed by the size comparison of a 
key only when a virtual key is in 
agreement. Since it is what abolished the 
bias of an appearance of a virtual key, if a 
link is a dichotomy tree, compared with 
the case where two keys are compared, 
about 1/of large and small incidence will 
be set to 2 in the comparison of a virtual 
key, for example. 

[0040] Consequently, it is expected that 
the depth of the tree to near and the 
number of entries will become the 
minimum value to the tree which 
maintained the balance whose tree 
restructure- created- is ih an* ideal condition- 
mostly. Consequently, the- count- of 
retrieval of the tree structure for the 
registration to said entry and retrieval 
decreases, and it contributes to the 
improvement in effectiveness of 
processing. 

[0041] (4) : above (4) The operation 
standard key generating section 
generates a standard key using a Hash 
Function based on the key given when 
the key was given, and the virtual key 
generating section generates a virtual 
key using a Hash Function based on the 
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standard key generated in said standard 
key generating section. Then, the address 
generating section generates the address 
of said table based on the virtual key 
generated in said virtual key generating 
section, 

[0042] As mentioned above, a key is 
changed into standard form and it is used 
as a key of registration/retrieval without 
using the original key directly. If it does 
in this way, by use of a standard key, not 
only the retrieval by the original key but 
the retrieval by the standard key will 
become possible, and a kind of semantic 
retrieval will be attained. Moreover, a 
collision is reduced, and improvement in 
the speed of processing is enabled, and 
the flexibility of processing improves. 
[0043] (5) : in addition to this, as 
mentioned above, by using a virtual key 
effectively, deviation of data can be 
lessened and high-speed associative 
•storage ; ?Oiash^^jeqiiipment)-.-. : near . Lihe 
condition of an ideal can be. realized by - 
decreasing a collision (especially 
secondary impact). Moreover, when a key 
has a certain structure, not only 
improvement in the speed of access of 
associative storage but flexibility of 
access can be realized by using the 
virtual key generating section reflecting 
it. 

[0044] 

[Embodiment of the Invention] Hereafter, 
the gestalt of implementation of 
invention is explained to a detail based 



on a drawing. In addition, the following 
explanation describes the equipment 
using hashing technique "hash 
equipment." Moreover, although the 
control section for carrying out control 
based on hashing technique to said all 
examples of equipment is prepared, the 
illustration abbreviation has been carried 
out except for some examples of 
equipment. Furthermore, it is the virtual 
key kl by Hash Function h from the 
given key k. The address to which the 
variable a for which it asked for and 
asked based on this virtual key kl with a 
certain function (function Hash Function 
h and of the same kind) ad (kl) points is 
only described as "Address a." 
[0045] Explanation of the various 

examples of equipment ... For the 
explanatory view (A Fig. is the example 1 
of equipment, and B Fig. is the example 2 
of equipment) of the examples 1 and 2 of 
equipment, /-land'/. ^ drAwiBg^:3 ^Av-r;js<5he 
explanatory -view ^of . the - example • 3 ;of 
equipment and drawing 4 are [ drawing 2 
- drawing 6 reference drawing 2 / the 
explanatory view of the example 5 of 
equipment and drawing 6 of the 
explanatory view of the example 4 of 
equipment and drawing 5 ] the 
explanatory views of the example 6 of 
equipment. Hereafter, the various 
examples of equipment are explained 
based on drawing 2 - dr3 w in g .fi . 
[0046] (l) ' explanation of the example 1 
of equipment ... The example 1 of 
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equipment shown in A Fig. of A Fig. 
reference dra w in g 2 of drawing 2 is an 
example of the hash equipment using a 
virtual key. This equipment is equipped 
with the virtual key generating section 8, 
the address generating section 3, the 
table 7, and the control section 5, and the 
entry which becomes every address 
(address) from the record corresponding 
to one key and it makes said table 7 have 
corresponded. 

[0047] Although control of a control 
section 5 performs registration 
processing of the data (data of a key + 
record) to each entry of a table 7, and 
retrieval processing with this equipment, 
the virtual key generating section 8 
generates a virtual key by the Hash 
Function from the given key in this case 
(generating), and the address generating 
section 3 generates an address (address) 
based on that virtual key. And each entry 
v of a:tabler>7ds^accessed at-said generated - 
; address, and- - - registration/retrieval 
processing of data is performed. 
[0048] (2) : explanation of the example 2 
of equipment ... The example 2 of 
equipment shown in B Fig. of B Fig. 
reference drawing 2 of drawing 2 is an 
example of open address method hash 
equipment. This open address method 
hash equipment is equipped with the 
virtual key generating section 8, the 
address generating section 3, the address 
re -calculation section 4, the control 
section 5, and the table 7, and the entry 



which becomes every address (address) 
from the record corresponding to one key 
and it makes said table 7 have 
corresponded. 

[0049] Although control of a control 
section 5 performs registration and 
retrieval processing of the data (data of a 
key + record) to each entry of a table 7 
with this equipment, the virtual key 
generating section 8 generates a virtual 
key from the given key in this case 
(generating), and the address generating 
section 3 generates an address (address) 
based on that virtual key. And a table 7 is 
accessed with said generated address, 
and registration/retrieval processing of 
table data is performed. 
[0050] In said processing, when the 
address generating section 3 calculates 
an address and primary impact happens, 
the address re -calculation section 4 
calculates an address again by control of 
- a control Action? 57b"asedsdn^the-virtual= 
— key generated . in -said- virtual key^ 
generating section 8. And if said address 
re -calculation section 4 re -calculates an 
address and secondary impact happens 
again, the address re -calculation section 
4 will do count of an address again 
further. Thus, a new address is calculated 
from a virtual key until a collision is lost, 
a table 7 is accessed with the new address, 
and registration/retrieval of data are 
performed. 

[0051] (3) : explanation of the example 3 
of equipment ... The example 3 of 
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equipment shown in drawing 3 reference 
drawing 3 is an example of virtual key 
hash equipment (this equipment is 
hereafter described as "chain method 
hash equipment") with the collision 
processor by the chain method. In this 
case, in order to simplify explanation, it is 
shown as an example of equipment in the 
case of a dichotomy tree. 
[0052] This chain method hash 
equipment (in the case of a dichotomy 
tree) is equipped with the virtual key 
generating section 8, the address 
generating section 3, the control section 
(illustration abbreviation), and the table 
7, and the entry which serves as one key, 
a virtual key corresponding to it, and a 
record from a dichotomy link makes said 
table 7 have corresponded to every 
address (address). 

[0053] Although control of a control 
section performs registration and 
£ retrieval-processing "bfrtKe data/(dataof a 
,.key- + virtual^ key- + record* .+» dichotomy 
link) to a table 7 with this equipment, a 
virtual key is generated in this case from 
the key to which the virtual key 
generating section 8 was given by the 
Hash Function (generating), and the 
address generating section 3 generates 
an address (address) based on that 
virtual key. And a table 7 is accessed at 
said generated address, and 
registration/retrieval processing of data 
is performed. 

[0054] The tree structure is generated 



without calculating a new address, when 
primary impact happens in said 
processing. Therefore, the dichotomy link 
is established in each entry of a table 7. 
One is the link of the entry which 
registers a record with a bigger key than 
the key of the entry, and another side is a 
link to the entry of a small key. In the 
description of this equipment, the virtual 
key which was not based on the 
comparison of the original key currently 
performed conventionally as a 
comparison of a key, but was generated 
from the key will compare size. 
[0055] (4) : explanation of the example 4 
of equipment ... The example 4 of 
equipment shown in drawing 4 reference 
drawing 4 is an example of equipment 
which combined the example 2 (open 
address method hash equipment) of 
equipment, and the example 3 (chain 
method hash equipment) of equipment. 
- This equipment' ^fe*:equipped^witii-- the-r 
virtual key- generating section 8, the 
address generating section 3, the address 
re calculation section 4, the control 
section (illustration abbreviation), and 
the table 7, and the entry which serves as 
one key, a virtual key corresponding to it, 
and a record from a dichotomy link 
makes said table 7 have corresponded to 
every address (address). 
[0056] With this equipment, when 
primary impact happens, a vacant entry 
is looked for by calculating a new address 
using the re -calculation device (address 
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re -calculation section 4) in which a 
certain count is the description of said 
example 2 (open address method hash 
equipment) of equipment. When it is 
exceeded, an entry is secured using the 
link mechanism which is the description 
of the equipment of the example 3 (chain 
method hash equipment) of equipment, 
and it accesses there 

(registration/retrieval). When defining a 
certain fixed numbers beforehand and 
setting by count using a key, a virtual key, 
and an address, the case where it moves 
when specific conditions are satisfied, 
and various approaches are possible for 
the count for moving from a 
re -calculation to a link. 
[0057] (5) • explanation of the example 5 
of equipment ... The example 5 of drawing 
5 reference equipment is associative 
storage (associative storage with 
standard key transformation) which 
change srthe giveji key into: standardiform . 
without-using the-original keyvdirectly,- 
and uses it as a key of 
registration/retrieval. This equipment is 
equipped with the standard key 
generating section 12, the virtual key 
generating section 8, the address 
generating section 3, the control section 
(illustration abbreviation), and the table 
7. And it enables it to have registered the 
key, the standard key, and the record into 
said table 7. 

[0058] In the example 5 of equipment, the 
standard key generating section 12 



generates a standard key from the given 
key, the virtual key generating section 8 
generates a virtual key from said 
standard key, and the address generating 
section 3 generates an address from said 
virtual key. And a table is accessed using 
said address and registration/retrieval 
processing of data is performed. 
[0059] (6) : explanation of the example 6 
of equipment ... The example 6 of drawing 
£ reference equipment is an example of 
equipment which combined the example 
4 of equipment with the standard key 
generating section 12 of the example 5 of 
equipment. This equipment is equipped 
with the standard key generating section 
12, the virtual key generating section 8, 
the address generating section 3, the 
control section (illustration abbreviation), 
and the table 7. And a key, the standard 
key corresponding to it, the virtual key, 
the record, and the dichotomy link are 
; e stablishe d in said* tabled j and : it enable & 
-it to have -registered. data into these.- - ••■ 
[0060] In the example 6 of equipment, the 
standard key generating section 12 
generates a standard key from the given 
key, the virtual key generating section 8 
generates a virtual key from said 
standard key, and the address generating 
section 3 generates an address from said 
virtual key. And a table is accessed using 
said address and registration/retrieval 
processing of data is performed. 
[0061] Moreover, when a collision occurs 
in said processing, it is constituted so 
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that the address re -calculation section 4 
may re calculate an address from said 
virtual key, may generate a new address 
and may perform access to a table 7. 
[0062] **2- Processing explanation of the 
example 1 of equipment ... Drawing 7 
reference drawing 7 is the processing flow 
chart of the example 1 of equipment. 
Hereafter, based on drawing 7 R> 7, the 
example of registration processing of the 
example 1 of equipment is explained. In 
addition, S51S54 show each processing 
step. Moreover, the given key is set to k 
and kl and an address are set to a for a 
virtual key. 

[0063] In the example 1 of equipment, as 
for the entry which consists of one given 
key and record, access is performed 
through two steps of actuation as follows. 
First, when, as for the virtual key 
generating section 8, Key k is given in the 
1st step (S5l), it is the virtual key kl by 
u . Hash-Function^h> ; Xk) based' omsaidigiven-.,. 
-key k.r It-is made to generate (S 52). Next, > . 
in the 2nd step, the address generating 
section 3 is said obtained virtual key kl. 
The address a in which the magnitude of 
an actual table was made to reflect is 
generated (S53). {a<ad (kl)} In this case, 
said function ad (kl) is a function of the 
same class as said Hash Function h, and 
is the virtual key kl. The address (this is 
described as "Address a".) to which the 
variable a for which origin was asked 
with Function ad (kl) points is generated. 
[0064] Thus, generating of Address a 



performs table processing 

(registration/retrieval processing of the 
data to the corresponding entry) with the 
address a (S54). Thus, the transformation 
method suitable for the purpose can be 
used for each equipment (the virtual key 
generating section 8, address generating 
section 3) by dividing into two steps 
conventionally the address calculation 
processing which was being performed by 
once with one hash equipment. The 
virtual key generating section 8 is the 
virtual key kl which does not have the 
bias to the key k which has a bias and 
appears (few). The collision is decreased 
by generating. In addition, the 
magnitude of virtual key space is good to 
take to infinity or a sufficiently big finite 
number theoretically. 
[0065] **3: Processing explanation of the 
example 2 of equipment ... Drawing 8 
reference drawing 8 is the processing flow 
chart of -'the'- -example ^"equipmentv ■?* 
Hereafter, hased-.on drawing 8 \R> -8. the 
example of registration processing of the 
example 2 of equipment is explained. In 
addition, S61-S67 show each processing 
step. Moreover, the given key is set to k 
and kl and an address are set to a for a 
virtual key. 

[0066] Also in the example 2 of 
equipment, access to the entry which 
consists of one given key and record is 
performed through two steps of actuation 
like said example 1 of equipment as 
follows. First, when, as for the virtual key 
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generating section 8, Key k is given in the 
1st step (S61), it is the virtual key kl by 
Hash Function h based on said given key 
k. It generates (S62). Next, in the 2nd 
step, the address generating section 3 is 
said obtained virtual key kl. The address 
a in which the magnitude of an actual 
table was made to reflect is generated 
(S63). {a<ad (kl)} 

[0067] Then, if a control section judges 
whether an opening is shown in the table 
of said address a (S64) and has an 
opening, it will register data (data of a 
key k+ record) into the entry (S66), and 
will end processing. However, by said 
processing of S64, when there is no 
opening in a table, {key(a) =k?} is judged 
[ whether said given key k of a control 
section is the same as a registered key, 
and] (S65). 

[0068] Consequently, although processing 
will be ended if the same, if not the same 
(primary - \im - 
calculated virtual key kl iby the address • 
re -calculation section 4. It is based and 
Address a is re -calculated (S67). {kl 
< next kl and a<-ad (kl)} And it carries 
out repeatedly from processing of S64. In 
addition, it sets to said processing of S67, 
and is the virtual key kl. Key k to virtual 
key kl again given when asking It 
calculates and is said {kl <next (kl, k)}, 
after that, and virtual key kl which were 
calculated. It is also possible for it to be 
based and to re calculate Address a. 
[0069] In the example 2 of equipment, as 



explained above, when Address a is 
calculated by the aforementioned 
processing and primary impact happens 
there, the address re -calculation section 4 
calculates a new address, and generates a 
new address. Also in a new address, when 
secondary impact happens, the address 
re -calculation section 4 generates a new 
address until a vacant entry is found. 
[0070] It sets to the recalculation 
(processing of S67) of an address, and the 
description of this equipment is the 
virtual key kl. It is in the point of using. 
By re -calculation processing of this 
address, it is the virtual key kl. It is also 
possible to use the calculated address a 
{kl <-next (kl, k)}. Virtual key kl Since it 
appears uniformly, it is using this, and a 
new address with few biases will be 
easily calculated also in the case of a 
re -calculation, and it is expected that 
secondary impact will decrease as a 
-.-.result, r; ^-.J- ,, u/jr*\:«S7.\ ,, a ' V; v^.fcv 
[0071] In -addition,-.: dn - conventional 
hashing equipment, since the new 
address is calculated based on the 
address directly calculated from the key, 
even if it re -calculates, possibility that 
secondary impact will happen again is 
high. Even if it performs the 
re -calculation in consideration of the key 
and address of this invention similar to 
equipment, there is an increment in 
generating of the secondary impact by the 
appearance bias of a key. The equipment 
of this invention is using the virtual key 
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which appears uniformly as a substitute 
of a key, and decreases generating of 
secondary impact. 

[0072] **4- Processing explanation of the 
example 3 of equipment ... Drawing 9 
reference drawing 9 is the processing flow 
chart of the example 3 of equipment. 
Hereafter, processing of the example 3 of 
equipment is explained based on drawing 
2 R> 9. In addition, S71-S82 show each 
processing step. 

[0073] Various idea **** are 
comparatively easy for the chain method 
in the example 3 of equipment, and 
explain processing of equipment to it by 
the example of the chain by the efficient 
tree structure of dichotomy. In this 
-equipment, count of an address is 
performed like processing of said example 
1 of equipment. And when primary 
impact happens, unlike processing of the 
example 2 of equipment, the tree 
-structure - is ■ - generated instead * of 
calculating a-new-address. * -...«.-. 
[0074] Therefore, the link of dichotomy is 
established in the entry of hashing 
equipment. One is the link of the entry 
which registers a record with a bigger key 
than the key of the entry, and another 
side is a link to the entry of a small key. 
In the description of this equipment, the 
virtual key which was not based on the 
comparison of the original key currently 
performed conventionally as a 
comparison of a key, but was generated 
from the key will compare size. 



[0075] In this case, the whole comparison 
is performed by the size comparison of a 
key only when a virtual key is in 
agreement. Since it is what abolished the 
bias of an appearance of a virtual key, 
compared with the case where two keys 
are compared, about 1/of large and small 
incidence is set to 2 in the comparison of 
a virtual key. Consequently, it is expected 
that the depth of the tree to near and the 
number of entries will become the 
minimum value to the tree which 
maintained the balance whose tree 
structure created is in an ideal condition 
mostly. Consequently, also in a chain 
method, the count of retrieval of the tree 
structure for registration and retrieval 
decreases, and it contributes to the 
improvement in effectiveness of 
processing. 

[0076] In processing of the example 3 of 
equipment, access to the entry which 
consists ~of. one- given key .and? record .-is . 
performed*through-:two steps ofractuation 
as follows. First, when, as for the virtual 
key generating section 8, Key k is given 
in the 1st step (S7l), it is the virtual key 
kl by Hash Function h based on said 
given key k. It generates (S72). {kl 
<-h(k)} Next, in the 2nd step, the address 
generating section 3 is said obtained 
virtual key kl. The address a in which 
the magnitude of an actual table was 
made to reflect is generated (S73). {a<-ad 
(kl)} 

[0077] Next, {table(a) as for which the 
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entry of Address a is vacant judges 
whether it is empty ?} (S74), and if vacant, 
a control section 5 will register the record 
corresponding to Key k and it into the 
entry of Address a (S76), and will end 
registration. However, when the entry of 
Address a is not vacant, a control section 
5 compares and judges {key(a) =k?} in 
accordance with the key k to which the 
key {key (a)} registered into Address a 
was given (S75). 

[0078] Consequently, if in agreement, 
since a key is registered, processing will 
be ended. However, it is key {kl by which 
the control section is already registered 
into the table 7 with said virtual key kl if 
the record which already has other keys 
in the entry of the address a to register is 
registered when a key is not in agreement 
namely. : Compare key(a)} using a certain 
comparator (S77). 

[0079] Consequently, virtual key kl 
^Wheh the direction- is daEge^{kl^iey(a)} 
follows the- link for aJarge key. Moreover, 
virtual key kl When the direction is 
small, {kl <key(a)} follows the link for a 
small key. 

[0080] or [ that the link tied to the larger 
one of a table 7 is vacant when following 
the link for a large key at this time ] - {-- 
or [ that the link tied to the smaller one is 
vacant as for greater-link (a) when 
judging whether it is empty ?} no (S81) 
and following the link for a small key ] " 
{•■ less-link (a) judges whether it is 
empty ?} no (S78). 



[0081] consequently, when it judges that 
a link is vacant and comes out by said 
processing of S81 and S78, since it means 
that registration by the key is not made, 
it registers the record of the key k which 
is going to carry out current registration. 
That is, a new entry is created and 
registered (S80). 

[0082] Moreover, if the entry already 
registered into the link for [ said ] 
following exists (S81, S78), the link of the 
still smaller one or the link of the larger 
one will be followed (S82, S79). And the 
record corresponding to Key k and it 
which should be again registered by 
repeating from said processing of S75 will 
be registered into the suitable location in 
the tree structure. 

[0083] **5: Processing explanation of the 
example 4 of equipment ... Drawing 1Q 
reference drawing 10 is the processing 
flow chart of the example 4 of equipment. 
-Hereafter; .processing- of the example A 1 of:: 
equipment is explained based on .drawing 
1Q . In addition, S91-S104 show each 
processing step. The example 4 of 
equipment is equipment which combined 
the description of the open address hash 
equipment shown in the example 2 of 
equipment, and the . description of the 
chain method hash equipment shown in 
the example 3 of equipment. 
[0084] By processing of this example 4 of 
equipment, when primary . impact 
happens, a vacant entry is looked for by 
calculating a new address using the 
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re calculation device (address 

re -calculation section 4) in which a 
certain count is the description of the 
example 2 of equipment. When it is 
exceeded, an entry is secured using the 
link mechanism which is the description 
of the example 3 of equipment, and it 
registers there. 

[0085] in this case, the count for moving 
from a re -calculation to a link **• ■■ the 
case where a certain fixed numbers are 
defined beforehand - **> - when setting 
by count using a key, a virtual key, and an 
address, the case where it moves when 
the conditions of ^specification are 
satisfied, and various approaches are 
possible. Specifically, it is as follows. 
[0086] Also in the example 4 of 
equipment, access to the entry which 
consists of one given key and record is 
performed through two steps of actuation 
as follows. First, when, as for the virtual 
.v key generating ^section ^8, ^Key.-k ; is^given 
in the* 1st step- (S9L),^ it is^the virtual key - 
kl by Hash Function h based on said 
given key k. It generates (S92). Next, in 
the 2nd step, the address generating 
section 3 is said obtained virtual key kl. 
The address a in which the magnitude of 
an actual table was made to reflect is 
generated (S93). {a<ad (kl)} 
[0087] Then, if a control section judges 
whether an opening is shown in the table 
of said address a (S94) and has an 
opening, it will register data (key k+ 
record) into the entry (S96), and will end 



processing. However, by said processing 
of S94, when there is no opening in a 
table, {key(a) =k?} is judged [ whether 
said given key k of a control section is the 
same as a registered key, and ] (S95). 1 
[0088] Consequently, if the same, 
processing will be ended, but if not the 
same, it will judge whether a control 
section should link (S97). Consequently, 
when [ which should be linked ] it is 
judged that it does not come out, it is said 
calculated virtual key kl by the address 
re "calculation section 4. It is based and 
Address a is re-calculated (S98). {kl 
< next kl and a< ad (kl)} And it carries 
out repeatedly from processing of S94. 
[0089] In addition, it sets to processing of 
S97 and is the virtual key kl. Key k to 
virtual key kl again given when asking It 
calculates and is said {kl <-next (kl, k)}, 
after that, and virtual key kl which were 
calculated. It is also possible for it to be 
based and to re-calculate^Address:a%x^ > 
[0090] When-* it --is ^judged- in said 
processing of S97 on the other hand that 
it should link, a control section 5 is said 
virtual key kl. Key {kl already registered 
into the table 7 : Compare key(a)} using a 
certain comparator (S99). Consequently, 
virtual key kl When the direction is large, 
{kl >key(a)} follows the link for a large 
key. Moreover, virtual key kl When the 
direction is small, {kl <key(a)} follows the 
link for a small key. 

[0091] or [ that the link tied to the larger 
one of a table 7 is vacant when following 
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the link for a large key at this time ] •• {•- 
or [ that the link tied to the smaller one is 
vacant as for greater-link (a) when 
judging whether it is empty ?} no (S103) 
and following the link for a small key ] - 
{-- less-link (a) judges whether it is 
empty?} no (S100). 

[0092] consequently, when it judges that 
a link is vacant and comes out by said 
processing of S103 and S100, since it 
means that registration by the key is not 
made, it registers the record of the key k 
which is going to carry out current 
registration. That is, a new entry is 
created and registered (S102). 
[0093] Moreover, if the entry already 
registered into the link for [ said ] 
following exists (S103, S100), the link of 
the still smaller one or the link of the 
larger one will be followed (S101, S104). 
And the record corresponding to Key k 
and it which should be again registered 
by -repeatirig , said, processing ^f- S99 : willv 
be registered into, the' suitable: location -in 
the tree structure. 

[0094] **6- Processing explanation of the 
example 5 of equipment ... Drawing 11 
reference drawing 11 is the processing 
flow chart of the example 5 of equipment. 
Hereafter, processing of the example 5 of 
equipment is explained based on drawing 
H . In addition, S111S115 show each 
processing step. Processing of this 
example 5 of equipment explains 
retrieval of PROLOG language (Program 
Logic language) and a theorem for the 



method of use of the associative storage 
using a key with a certain structure as an 
example. The basic structure of the data 
in PROLOG language is a term. Said 
term is the tree structure expression of 'f 
(a)', 'g (a, b)\ 'h(a, g (b, a))', etc. A variable 
can be used into said expression. 
[0095] For example, the capital letter 
name 'X' part in 'f (X)' and 'h (X, g (b, X)) 1 
is a variable. The term of arbitration can 
be substituted for a variable. For example, 
if 'g (a, Y) f is substituted for the variable 
'X 1 of 'f (X)', the term 'f (g, (a, Y))' will be 
acquired. The same expression is 
substituted for the same variable when 
substitution is performed. 
[0096] For example, if 'a* is substituted 
for the variable 'X' of 'h (X, g (b, X))', 'h (a, 
g (b, a))' will be obtained. Thus, the 
variable is serving to show the location 
for substitution and it is not important 
for it what kind of identifier is used as a 
• variable name. , For exampler^QOV^ftCX)'^ 
. and 'h (X, g (b, X))' and 'h (Z y g (by Z)>< are- 
expressions with which it carries out the 
same work although the appearance as 
an expression differs. In addition, said 
small letter like a, b, and c is a constant, 
and X and a capital letter like Y are 
variables. 

[0097] by the way, the right - the logical 
expression with which things were 
proved is called a theorem. The once 
proved theorem is stored in a database 
and using for other theorem proving is 
expected. Although appearance differs, 
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when it is the same contents 
substantially like the case where it is 
related with use of the same variable as 
the example of said PROLOG in the case 
of retrieval of whether a certain logical 
expression with which it is expected that 
it is a theorem is stored in the theorem 
database, I want to treat as the same 
thing in such a situation, rather than to 
treat it as a different thing. 
[0098] the expression with which 
appearance differs -■ parenchyma - there 
is the approach of changing into standard 
form as one means to judge the same 
thing, and comparing, for example, the 
thing for which '(a**b) **c' is changed 
with , (a**c)**(b**c)' - ' ... ** ... ** ... the 
formula of the standard form 'is obtained 
(**:AND, **:OR). 

[0099] This processing changes a key into 
standard form, and uses it as a key of 
registration/retrieval without using the 
-original, key . directly- Fir s^ is 
• given (Sill), the standardly. generating 
section 12 will generate the standard key 
s by Hash Function h based on the key k 
(S112). 

[0100] Next, the virtual key generating 
section 8 is the virtual key kl by Hash 
Function h based on said standard key s. 
It generates (S113). Then, the address 
generating section 3 generates Address a 
with Function ad based on said virtual 
key kl (SI 14). And a control section 
processes a table 7 with said generated 
address a (S115). (registration/retrieval 



processing to an entry) 
[0101] As mentioned above, a key is 
changed into standard form and it is used 
as a key of registration/retrieval without 
using the original key directly. If it does 
in this way, by use of a standard key, not 
only the retrieval by the original key but 
the retrieval by the standard key will 
become possible, and a kind of semantic 
retrieval will be attained. Moreover, a 
collision is reduced and improvement in 
the speed of processing is enabled. 
Furthermore, when a key has a certain 
structure, not only improvement in the 
speed of access of associative storage but 
the flexibility of access can be raised by 
using the virtual key reflecting it. 
[0102] **7: Processing explanation of the 
example 6 of equipment ... Drawing 12 
reference drawing 12 is the processing 
flow chart of the example 6 of equipment. 
Hereafter, processing of the example 6 of 
e quip me nt is" explained 1 base flrdir. drawihg- 
12 . In addition, Sl21-Sl35-show- each 
processing step. In this processing, first, 
if Key k is given (S121), the standard key 
generating section 12 will generate the 
standard key s by Hash Function sk 
based on that key k (S122). 
[0103] Next, the virtual key generating 
section 8 is the virtual key kl by Hash 
Function h based on said standard key s. 
It generates (S123). Then, the address 
generating section 3 generates Address a 
by Hash Function ad based on said 
virtual key kl (S124). Then, if a control 
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section judges whether an opening is 
shown in the table of said address a 
(S125) and has an opening, it will register 
data (data of a key k+ record) into the 
entry (S127), and will end processing. In 
addition, also when the standard key s is 
registered according to an application, it 
thinks. 

[0104] However, by said processing of 
S125, when there is no opening in a table, 
{key(a) =k?} is judged [ whether said 
given key k of a control section is the 
same as a registered key, and ] (S126). 
Consequently, if the same, processing will 
be ended, but if not the same, it will judge 
whether a control section should link 
(S128). 

[0105] Consequently, when [ which 
should be linked ] it is judged that it does 
not come out, it is said calculated virtual 
key kl by the address re -calculation 
section 4. It is based and Address a is 
. re:calculatedS(S 129):. -ik-li^-n^fk^-.-and 
a<-ad (kl)} And it carries^out -repeatedly 
from processing of S125. In addition, it 
sets to said processing of S129, and is the 
virtual key kl. Key k to virtual key kl 
again given when asking It calculates 
and is said {kl <-next (kl, k)}, after that, 
and virtual key kl which were calculated. 
It is also possible for it to be based and to 
re-calculate Address a. 
[0106] When it is judged in said 
processing of S 128 on the other hand that 
it should link, a control section 5 is said 
virtual key kl. Key {kl already registered 



into the table 7 : Compare key(a)} using a 
certain comparator (S130). Consequently, 
virtual key kl When the direction is large, 
{kl >key(a)} follows the link for a large 
key. Moreover, virtual key kl When the 
direction is small, {kl <key(a)} follows the 
link for a small key. 

[0107] or [ that the link tied to the larger 
one of a table 7 is vacant when following 
the link for a large key at this time ] - {-■ 
or [ that the link tied to the smaller one is 
vacant as for greater-link (a) when 
judging whether it is empty ?} no (S134) 
and following the link for a small key ] - 
{ - less-link (a) judges whether it is 
empty?} no (S131). 

[0108] consequently, when it judges that 
a link is vacant and comes out by said 
processing of S131 and S134, since it 
means that registration by the key is not 
made, it registers the record of the key k 
which is going to carry out current 
~ registration. That ^is,^a, fiew^eritry -is:; 
created and registeredOS 133) . ^ *■ * ******* 
[0109] Moreover, if the entry already 
registered into the link for [ said ] 
following exists (S131, S134), the link of 
the still smaller one or the link of the 
larger one will be followed (S132, S135). 
And the record corresponding to Key k 
and it which should be again registered 
by repeating said processing of S130 will 
be registered into the suitable location in 
the tree structure. 

[0110] **8: Explanation of the example 1 
of an experiment ... Drawing 13 reference 
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drawing 13 is the explanatory view of the 
example 1 of an experiment. The example 

1 of an experiment is an example which 
experimented using the open address 
method hash equipment of the example 2 
of equipment shown in drawing 2 . In this 
experiment, it experimented using the 
data of illustration and the experimental 
result was obtained. 

[Olll] as said experimental data - Key k 
■ a, aa, ab, abc, b, be, cd, cc, bb, d, e, 
and .... it is 19 keys (character string) 
which consist of bcb(s), and magnitude 
(address number) of a table was set to 25. 
In this case, the count of primary impact 
was 9 times, and however, the count of 
secondary impact became 18 times, and 
decreased sharpiy compared with the 
conventional example (the secondary 
impact of the conventional example was 
78 times). The count of a collision 
decreased by this and it has been proved 
r.-that - . 
processing was attained- .* 
[0112] **5: Explanation of the example 2 
of an experiment ... Drawing 14 reference 
drawing 14 is the explanatory view of the 
example 2 of an experiment. The example . 

2 of an experiment is an example which 
experimented using the chain method 
hash equipment of the example 3 of 
equipment shown in drawing 3 . In this 
experiment, the same data as said 
example 1 of an experiment were used, 
and the experimental result was obtained. 
[0113] namely, - as experimental data - 



said example 1 of an experiment - the 
same - Key k a, aa, ab, abc, b, be, cd, cc, 
bb, d, e, and .... it is 19 keys (character 
string) which consist of bcb(s), and 
magnitude (address number) of a table 
was set to 25. In this case, although the 
count of primary impact was 9 times, the 
depth of a dichotomy link was shallow 
like illustration compared with the 
conventional example (there are few 
counts of dichotomy). The count of a 
collision decreased by this and it has been 
proved that improvement in the speed of 
processing was attained. 
[0114] 

[Effect of the Invention] As explained 
above, according to this invention, there 
is the following effectiveness, 
(l) * by using a virtual key effectively, 
deviation of data can be lessened and 
high- speed associative storage (hash 
equipment) near the condition of an ideal 
. can bejrealized. *by-decreasingra v collision- 
(e specially secondary > impact) .^Moreover,* 
when a key has a certain structure, not 
only improvement in the speed of access 
of associative storage but the flexibility of 
access can be raised by using the virtual 
key reflecting it. 

[0115] (2) : by using a virtual key, the 
count of a collision in the hash equipment 
(equipment which used hashing 
technique) which is a kind of associative 
storage can be decreased. Therefore, 
registration of the data to each entry and 
improvement in the speed of retrieval 
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processing can be attained. 
[0116] (3) : by use of a standard key, not 
only the retrieval by the original key but 
the retrieval by the standard key is 
attained, and a kind of semantic retrieval 
is attained. Corresponding to each claim, 
there is the following effectiveness 
outside said effectiveness. 
[0117] (4) : in claim 1, based on the key to 
which the virtual key generating section 
was given in the 1st step, generate a 
virtual key by the Hash Function and 
generate the address in which the 
address generating section made the 
magnitude of an actual table reflect from 
a virtual key in the 2nd step. Thus, the 
transformation method suitable for the 
purpose can be used for the virtual key 
generating section and the address 
generating section by dividing into two 
steps conventionally the address 
calculation processing which was being 
performed by .nonce.- withr.one * associative 
storage; It-becomes possible* to decrease a 
collision by generating few virtual keys of 
the bias to the key which the virtual key 
generating section has a bias and appears. 
[0118] (5) : in claim 2, the address 
re calculation section re -calculates an 
address based on a virtual key, when an 
address is generated in the address 
generating section and a collision takes 
place. In this case, since a virtual key 
appears uniformly in the re-calculation of 
an address, by using this, also in the case 
of a re -calculation, a new address with 



few biases will be calculated easily, and, 
as a result, can lessen secondary impact. 
[0119] (6) : in claim 3, a tree structure 
generation control means generates the 
tree structure by the size comparison of a 
virtual key using a link, when an address 
is generated in the address generating 
section and a collision takes place. In this 
case, the whole comparison is performed 
by the size comparison of a key only when 
a virtual key is in agreement. Since it is 
what abolished the bias of an appearance 
of a virtual key, if a link is a dichotomy 
tree, compared with the case where two 
keys are compared, about 1/of large and 
small incidence will be set to 2 in the 
comparison of a virtual key, for example. 
[0120] Consequently, it is expected that 
the depth of the tree to near and the 
number of entries will become the 
minimum value to the tree which 
maintained the balance whose tree 
- -structure-created is in^ah. ideal condition?: 
mostly. Consequently, ; the- --count wofe 
retrieval of the tree structure for the 
registration to said entry and retrieval 
decreases, and it contributes to the 
improvement in effectiveness of 
processing. 

[0121] (7) : in claim 4, generate a 
standard key using a Hash Function 
based on the key to which the standard 
key generating section was given when 
the key was given, and the virtual key 
generating section generates a virtual 
key using a Hash Function based on a 
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standard key. Then, the address 
generating section generates an address 
based on a virtual key. 
[0122] As mentioned above, a key is 
changed into standard form and it is used 
as a key of registration/retrieval without 
using the original key directly. If it does 
in this way, by use of a standard key, not 
only the retrieval by the original key but 
the retrieval by the standard key will 
become possible, and a kind of semantic 
retrieval will be attained. Moreover, a 
collision is reduced and improvement in 
the speed of processing is enabled. 
Furthermore, when a key has a certain 
structure, not only improvement in the 
speed of access of associative storage but 
the flexibility of access can be raised by 
using the virtual key reflecting it. 



DESCRIPTION OF DRAWINGS . 

[Brief Description of the Drawings] 
[Drawing ll It is the principle 
explanatory view of this invention. 
[Drawing 2] It is the explanatory view of 
the examples 1 and 2 of equipment in the 
gestalt of operation. 

[Drawing 3l It is the explanatory view of 
the example 3 of equipment in the gestalt 
of operation. 

[Drawing 41 It is the explanatory view of 
the example 4 of equipment in the gestalt 



of operation. 

[Drawing 5l It is the explanatory view of 
the example 5 of equipment in the gestalt 
of operation. 

[Drawing 61 It is the explanatory view of 
the example 6 of equipment in the gestalt 
of operation. 

[Drawing 71 It is the processing flow 

chart of the example 1 of equipment in 

the gestalt of operation. 

[Drawing 8l It is the processing flow 

chart of the example 2 of equipment in 

the gestalt of operation. 

[Drawing 91 It is the processing flow 

chart of the example 3 of equipment in 

the gestalt of operation. 

[Drawing 101 It is the processing flow 

chart of the example 4 of equipment in. 

the gestalt of operation. 

[Drawing 111 It is the processing flow 

chart of the example 5 of equipment in 

the gestalt of operation. 

[Drawing ;12] -It is the .processing^flow 

chart of the ^example 6: of equipment- in 

the gestalt of operation. 

[Drawing 13] It is the explanatory view of 

the example 1 of an experiment in the 

gestalt of operation. 

[Drawing 14l It is the explanatory view of 
the example 2 of an experiment in the 
gestalt of operation. 

[Drawing 15] It is the explanatory view 1 

of the conventional example. 

[Drawing 16] It is the explanatory view 2 

of the conventional example. 

[Drawing 17l It is the processing flow 
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chart of conventional open address 

method hash equipment. 

[Drawing 181 It is the processing flow 

chart of conventional chain method hash 

equipment. 

fPrawing 191 It is the explanatory view of 
the conventional example 1 of an 
experiment. 

[Drawing 201 It is the explanatory view of 
the conventional example 2 of an 
experiment. 

[Description of Notations] 

3 Address Generating Section 

4 Address Re -calculation Section 

7 Table 

8 Virtual Key Generating Section 

12 Standard Key Generating Section 
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•So lofi, t©^>- f> y ©*- «t*)^c#j5c*-S:«fo 

/h£ft=»r— ©^>- h y — ©y >-?xhz> 0 :<oSfcit 

[0 0 5 5] (4) : $§Bfi*J4©tftW • • • 04#RS 

ssb) tise^j3 (%#[&"> y^a-sc) 

IftSgdtigB 3 £ , #JfeW§f#«&4£, fflftBlS (H^4TK) 
t, 7— 7*7 btemX-XtsO. mil5x-y/P7{cfi, 
Sift ( T -F-u^-^t&r WO •■■fr*tte**ffi:-U 



(6) 

/0 

[0 0 5 6] rrogffii, l&SJ^tfse;: ofctfr&, 
elMtobSBtt-JMMfl (#Hs«H-&9S4) ^fflv>T, 
a*.fc*frfctt, £§B0J3 (jg«fe/Ny->a»fi) ©Si 

y ^trmmzm^x*-^ v y £$t«u 

T*i<»g\ *B«*— , #ifiS:ffl^*:fH5fc:«fco 

[0 0 5 7] (5) : 5 <DUW • • -H5#fiS 

ffJffli-5*«IElS^B W**-**f*#aBBIB1tSi 
B) TfcS, :©ifli, 1 2ts <Effi 

*-^^a 8 i . sifi^^ifB 3 1 , (B^mrK) 

7 L -y>'^7Sr^i^TV^5o -t>T, wiWr-7^7 

20 {cLTfc^o 

[0 0 5 8] SSBM 5 T'tt, Sm^-^^SB 1 2 4- 

3*t|WB<Ra*-a»6>#«*r«4**a. tut, huIB 
[0 0 5 9] (6) : ^B01J 6 ©IftBJ • • -06#fig 

gBW 6 (i, ^BfiaJ 5 o^sp^r-^^gp I2i« mw.m 
• 4 &ffl^fc«^B^^fc^SO»Btt^«iIS*-r, 
-30 ^^gB' i 2 t r-{Rffl*-«*«*"t;-»»**»-3r4:\- 

- w»n mnvsm-b : -r-?* rw»±x^^-^- 

X. HfrlHx-^7{-tt, =>r-t , -ttbtcM^L^ii 
, ABB*— , u-=>-h\ v^*SK»tT*> 

[0 0 6 0] f£B0V 6 T'(4, ^*=¥-^4$B 1 2 « 
#lftSr^ffl UTx-y^SrT^-fe^ L, f*— ^OS*/ 

40 &m&m*n o o 

[00 6 1] Sfc. iUBftl-cfSiJ^iLfetl*!: 
5 J: 5H«**ix-CV^S. 

[0 0 6 2] § 2 : 3£fi0iJ 1 0*aattt^ • • - 07 #RS 
Bl7f4§gB0 i JlO«ia7D-^--v— hTfe -5, WT> El 
7 ICSO^-CSBCSJ l Wfcov*-ciW!1- 

- • •5.''**5,- : S-5n^S--5'4 litfflS'^-T'j''/'5r^t;-'t ■ 

so 1-5. 
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(7) 

11 

[0 0 6 3] »C*SI^Tf±, S-kbixtc 1 o<£>=* 

{5^#-%^SB8fi, k^xtixS t (S5 
1) . ttJf2^^^^fcdr-kSr5ctc:. Ay v-^BI&h 

(k) »CJ;«9{Sffi^-ki &3g££-tt5 (S5 2) „ & 
fcS*2H:R-<\ #«5l84ig|S3»i, fltrte»$>*tfc«S*- 
ki J: 9, HR5©^—^KD*#*SrK« a 

{a — a d (ki ) } (S53) „ Z<K>W> 

-£\ MfEMifca d (ki ) tt, WIE^yfaHICh ils) io 
D«!fflwMScT-*) 5 % ffiffl^-ki Sr^lcMiSca d (k 
1 ) »w«t!9**fc^a^JgU^-r#«fi r#tfe 
a j tlB-f-. ) £3g±£-ti:5o 

[0 0 6 4] Z<D£olZl,Xmt&a&&±-fZ>b. 

#iaaHj:t»T— ^tea (^Si-s^>- h y~ Of- 
*©s»/«**&3) Srff? (S5 4) . rro«t5tc, 

»ft*fflv^;i*-e*S. 8 tt\ OS?) 20 

&t£oTffl^3*— kfc*tLT^<DiB0<7);fcl^ 
L < 

[0065] § 3 : mmM2<7)^mmm • • • m 8#rs. 

0 8tt3g««2©*ya7n-7--v — hT'ifeSo 121 

8 (cs<5v^T^«0y 2 ©ae«ia©twfcov ^-cttw-r 

So fc:fc\ S 6 1~S 6 7 te&toMT-T- v-f^m-tTo £ 

l o o e^ttfiW'^c t>'WiEi?«^j-i £ isins 

-^•T^-tr^fi, JJc«?J: 5tc2SPgr<o^SrgTtT*?n 
So 5fc1\ SSI <EB*-*B3i»8tt. *-kds 

(S6 1) , MiE-£;Lt>H*:=¥-k £5e 
(C, ^y^^mWh\zX<OiRm^—ki 5 (S 

6 2) o *fci(S2ia!»"C, #«S£tt3lt, BufE#«bH 
fcffiS*— ki «fc«J, ««Of- T/ZKO^SSrE*** 

a { a - a d ( k-i ) } 1"5 ( S 6 

3) o <° 
[0 0 6 7] t<D'ifk, ftmUte. MIE#lffiaCDx-^ 
lC^***>S*»5i6»Sr*]*L (S6 4) . £##*>ix 
fi, -tcD^v h y fc-r— * (=*— k + u-3— K©f— 
SrSfiiLT (S6 6) , *aS5r^T-TSo L*»U 
MIES 6 A<Di!mX'7—^Mz^i)^^m^. fflffl& 

*>lkey (a) =k?} SrWIUfr 5 ( S 6 5 ) . 
'-[0 0-6 ■& ] ^^ife*HRH^efcH«iv--«Sl%l*Ti-5- 

4tcit). tfrlEH-K Ui<Effl*- k i icg^TSiffia so 



12 

£>ff tf 3? Iki -next k i , a <- a d (ki) } 
SrfT5 (S6 7) 'o -fcL-C. S 6 4 Ofel^bi *) M L 
Tff^o MIES 6 7 W*aS»C*5^T. <Sffl^~ k 

1 SrtWl, (k!-next (k x , k) } , *<D'&, 
MIEtHf Ufc{R«#-k! tcS<5^T#ffia<DWtHfSr 

p^irt^^feSo 
[0 0 6 9] W±BIW Lfc «fc 5 fc, 3SE0iJ 2 -Cf*, MIE 

-a-, #ifi?ftHI«IJ4f±«rfc*#iftS:tmu, fcrL^#ifi 

[0 0 7 0] ClW^B<D#mte, #JffiWlfff^ (S6 7 

Hfc#ifia 5rffll^5r t k~*fmx~h% (ki<-next 
(ki , k) } o •Ei®dr-k 1 

*s^>^ < * S r. t tmft 

[0 0 7 1 ] /iib\ tS3l5©A>y W^StwjaVNTtt, 

«dfe©H*P«s*)^. *3&W(DmW.k-±. -«(ctbmi-S{g 

[0 0 7 2] § 4 -: 1^tt^j-3 coMSIIttK • • El 9 #fiB 

9fc*^^-Cfi«OT3©«!.aSr«lWt-5. S7 1 

~S 8 2»i#^a^Xi/7°Sr7f:i-o 
[0 0 7 3] 3SBM3^*iltSil»!£{C(±«l^#^t>^ 

S»^o^J|cJ;i?. ^BcD^aSrlft^-TSo **1tfc*s 

H5o -trUT, mt^^iot^ ^B{fiJ2©^ 

5. 

[0074] ^<Dtctb. ^yi/^ymmo^-^hy^i* 

2W&<D!) ^?&&tfThZ)o lof3\ ^co^.>- h y rc> 
>-^T-*)So c»gfo^{Sii > ^-©JttSi:LT, % 

5 tf©"Pfc?r 0 ? r » "-a— - 

[0 0 7 5] i<D©-g-. gt Lfc^O^ilf 



#^¥10-49545 



13 

•TS^irlt^. {gS*-<DJttfctC:fc<^TI4, 

5„ ^©*§S, iSglftKio^Tt, aft. mmntcttocD 

[0 0 7 6] ^E^J 3 (D^aTIi, 4ibWclO©^ 

us— Ka^fca^v h y -*©r*-fe;*»4, #c<£>4 

<Effl*-«4«8l4» dr-kd5^-^?3^5i: (S7 

±t){5JS^-ki Srdfcfifc {k! (k) } i*S (S 7 
2) . fcfcf^SWTN #ift554«3tt. tfrK»5>*tfc 

fc#iffia &d&£ {a^-a d ( k i ) } i"5 ( S 7 3 ) . 

[0 0 7 7] IkiCfflfflM 5 f4, #tfcatf>:nyh y dSggt^ 
"0*5 {table (a) f42g?} d»5*»Sr4»JWf b (S 

7 4) . Stvri^Sfe&tf. *-k i:-**Lfc*tt£UtW 
= - K£#ife a ©aiVKJUcaftb (S7 6) , aftf£ 

WJfl)$B5M:, #*afcS*$*Lfc*- (key 
(a) } ^feixfc^-k fc — flrffi^ {k e y 
(a) =k ?} *Vc®.L.Xmm-tZ> (S 7 5) . . 

[0 0 7 8] -e©^*. tu — tt 

-fW»*W± , -flWWaS*— ki ir |SE Is °r—f#> 7 tea® 
{ K i -: ke y Ca )' }- fc'ffi Jfctfc 
«B*'fflW^TJt|W-* (S 7 7) . 
[0 0 7 9] {R®*— M 

{ki >key (a) } (4, ;*C# I ^ — (OtzfrCD V V* 
Sr^So •KffldE—ki eD^S/h^Bf {k 2 <k 

ey (a) } 14, (Dtclsb<D ]) St Srilii^o 

[0 0 8 0] rcDBt, <Dtz£>(D}) ^?&$hZ> 

WrSte. 7-—-7>\s 7 v ^(c58 <* y v^^^tv^ 

5A> {greater-1 ink (a) I4S ? } 
¥U$r(S81) U Ofc»©y >^S:il!!3» 

-&f4, /h^^*C^<'y>i!'^5^tV^5^ {less 
-link (a) f4£?} 5d>Sr*IJ»f (S 7 8) "TS. 
[008 1] ^CD«§*. bmIES 8 1 , S 7 8»&ST*y 
V^^^^t?fo5i*lJ»fbfc^4 x ^^14 s *<D*—X 

b<fc 5 t U-CV*5*— k©w=« — KSraflki-S. -Tfcfr 
*k «*Vh!ltrfls|*U aS-TS (S8 0) . 
-[•0'0-8^ ]-*fc;- H<ilEa!!'5-fc«)<0 U {CgEKafti* 
HTt^^i^ Ky^ffffi-T'S^^li (S 8 1 . S7 

8) , lioh^v^oyy?, 3&i^f4:*:#^;frtf>y 



(S82, S7 9) „ -t bTI5U\ itufBS 7 5tf> 

[0 0 8 3] § 5 : mm.mA<Dwmwm • • • mi o# 

Ell O(4^fi0ij4<Din.S7D-^-ir- HT-fc-So WT, 

mi o\zm-3^xmmm4<D® ! mzm.wtz>o s 

9 1~S 1 0 4(4#^SI^v 1 y7 P Sr^i- < , i£BM4f4, 
io gfi^2{c^L3tW#ifi^^v'^iSa<D^{|S:t, KSM 

3 ic^ l, fcjg^&^N -y v- Z2. mw.<D$rm t zm.^-&fr-&tc 

[o o 8 4] z.cD$iW&i4(D!&mx'te, l^m^mz. 

^* (#*&f5ff^gi5 4) *m^x. m&t&zftWi-z z 
tx\ &z^^hi)*m-t. zft*Mz-tcm&ia±. m 
WM3 <Dmmx$>5 y >'?wm&m*>^x^> h y 

b, *Ziz&mirZh<DXhZ><. 

[0 0 8 5] Z<Dm-&s ftft'gfabV >"?\Z&Z>tclb<D 
20 ®m*. CD : ^?>-SicSr^*«feT*3<*-g-, CD : * 

CD : WSO^tttiJIUfe^t^Sj^ta**^* 5 

[0 0 8 6] gf«4t*t, ^x^ixfc lo©^f— t u 
3— Kd»t>&5^v h y ^-OT^'-tr^f4 > if>:cD4 5lC2 
SW©tft^Srfi-CtT*34x5. 5fe-f. *ia»t. {K«^ 
— «^«8ttv *^-k&$-z.<btlZ>i: (S9 1) . mffS 

- k r,-^.fe^-i--5:--0S-9. 2-) 4 -,*lc» 2»HN?,-4MM& 
30 ^gB-3 »4; -WIE»-ey*tfc«»*— k i^J; 9 . HESWr— 
^/Pco^c^^SrSlfe^-ttf-Sitea Srdfe^c (a'^'atlk 
1 ) } i" 5 (S93). 

[0 0 8 7] ftlJfflJ|fBf4BtilB#i6a Ox-^/Ujc: 

St^fcS^S^SrWWb (S94) . 
^(Dxyhytf-iS' (=3r-k + u = -K) Sra^bT 

(S9 6) , «!-aS:J^Ti-5. b^L, sfTlB S 9 4 <D*i 

ix*:*— ki^S***©*— i:HD*»5*» {key 
(a) =k ?} (S 9 5) „ 

40 [0088] *<di&^ mcxhiitt. i&m&it&T-tz 
mtz> (S9 7) „ t(om^. y ^f-r^xti^tvi 

ffl^r-kx fCS^5V^T#HfiaraStfg[ {k x <-nex t 
k i , a«-ad (ki) } (S98)„ Z V 

S 9 4(DMa^b^l?)jgbTtT5o 
[0 0 8 9] /«C*s\ S 9 7 (O&SIKfc^-C. {gffi^— k 
1 tr*W&«M\' 'ffffi^-PHtfc^- k *»P>{R2&^r- k- - 
1 Srtf^ b { k i «-n e x t ( k x , k ) } . *©t, 
so mllEft-g k i lcS^^T#iffiacoS^iSr 
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[0 0 9 0 J — WIES 9 7CO*aS^*3V^T, V 

-ki k. HK:5 l -7'^7K:B«3ivc^$*- 

{k x : key (a) } *fthfrV>)AM®M Srffl^TJt 
&-f-£ (S9 9) „ {Sffi^r-ki 
VMJf {ki >k e y (a) } »i x ^l^-Ofcft©!i 
^*«ril!!<5. <K»#-ki {ki 

<key (a) } li, <Dfc«>05 !J SritU 

So 

[0 0 9 1 ] *#V^-Ofcft©!) >-^Sr3i5 

54>(greater-link (a) fi£ ? } 
*IJ»f ( S 1 0 3 ) U /h$t>^F— (DtdbOV V^SriOJ^ 
»&tt, /h^V^fcSRCy V^^SV^TI/^** {1 e s 
s - 1 ink (a) figg?} 9«»«r4qiK (S 1 0 0) 1" 

[0 0 9 2] BUfHS 103, SI OOW&l 

?y >?&&%X*&>ZkmmL1tl%tZ. *tbtt, ^rw^f 
ggtLJ: 5 i: l/0^5=*~ kWU-a— KSrSfti"*. i" 

fcfefc, «f^vhy fcfMtu B^-rs (si 02) . 

[0 0 9 3] 4fc, MfSiUSfcfewy V^fcfEfcSEft* 
^T^-S^VHy^^i-S^btf (SI 03, S10 

o) , jEtc/h$i>^<oy v^, ^v^ti^cyy^ 
Sraya (sioi, s 1 o 4) 0 ltw> sties 9 

- [ 0 0 9 4-] -§ 6 rlfiW-5WteiWW-r- -Bhl -1 # 
Hi UiifW5©ji!!il7P-^t-hffc5„ £AT\ 

mi kcs^^t. s£«09 5©*&3«rtMM-5. 

S111~S11 5littl7fy7'5:/Tt. ^©3£« 

^fitf^JffiCDffc^SrP r o 1 o gf^ (Program Logic 
mm) . 3&lO***:«i'U-CBlW-*-5. Prolog 

' f (a) * , *g (a, b) ' . *h (a, 

g (b, a) ) ' fc.£©*«iit*5i-e**. mriasmrt 

fcMRtrJB ^ 5 r i: # 5. 
[0 0 9 5] Mz-t£. *f (X) ' , 'h (X, g 

(b, x) ) ' wp<d*2:^ 'x' 

(X) ' tf>3£j& 'X' IC 'g (a, Y) Sr^A-T^ 
k. *f (g, (a, Y) ) 1 it^piSaqtibtl-So ft 

[0096] {Nttf. 'h (X, g (b, X) ) ' ©« 
gc *X' JC 'a' ZRA-tZk. *h (a; g (b. 



(9) 
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a) ) ' a*»feil,<5. rwi^tc, ^gtfi. ftACfcft 

(Drnffiz^-rmt; * lx& <o „ k u-c ± 5 fc 

£HU$rffl^3a>tefi®T-f±&t\, CT^tf. *f (X) * 
k ' f (Y) ' , ^rbT, *h (X. g (b. X) ) ' 
£ 'h (Z. g (b. Z) ) ' teW&k LTOjL^CMi 
Aft***, mcmZZirZ>»$lXh% a &*5, HfilEa, 
b. cWj^^^te^gcT'fc?), X, YCD±5&* 

[0 0 9 7] i;:5T\ jEUr^fctf* 5E93 Sftfcf&S 

ffi $ j& -5 Sir- * * KteiW $ V * 

•5d><£>&?£©KS. stria P r o 1 o g<O^Jils]«|W^co 

, mmiz.M-r5m&kmfflzfu>>mim*£z>i> i . mmmc 

[0 0 9 8] Jfc*»tt©»fc5*fliJ^g|tP]t-e*>5wi: 

20 fe*Sfc5. 09*.tf, * UAb) Vc' £r x ' (aV 
c) A (bVc) ' tf*t5:tt\ ' • • • A • • 
•A - • •' tl^5«*»©** s #fe*t5 (A: AN 
D, V: OR) o 
[0 0 9 9] w»*aaf4» TcCD^-SrjE^fflL^V 

U"C*Jffl-*-5t>«3-e*>5. 5fe-T. ^r-k^^-^bixSi: 

(siii) , mm*-&±ni 2it ^w^-ksr5c 

(c, AyVaH»hKJ:9W*-B (S 1 

■ -1 -2-): v ' — . : - r- • .v. - 

so • [ o -l o-o -i-efeiE;- -<E3B*— s ttmaBw**— s - 

(S 1 1 3) „ ^©i, Siffi^^a5 3fi, ffisZfc®*- 
kiSr5ctC, H^a dtCi t?#lfia Sr^-TS (S 1 1 
4) . ^-LX, f»WSB(i. fulE±^L-fc#lfia(CJ;?)^ 

(S 1 1 5) . 

[oioii wiEoj: 5»-. 7v<o*~zmm®.m 

[0102] § 7 : mum 6 O^SIftPJ • • • 121 1 2# 

Ell 2lcS^^T. 3SE0il6W«iaSrlttBJi-5o 
so s 1 2 1 ~S 1 3 5 tt.&®M*7- -y7*7fi-$~, ^W^S 
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$6i\ *-k&5-z.tb*iz>k (s i 2 mm 

ktCi?)^«P^-s^^-r5 (S 1 2 2) o 
[0103] -KiBl^-^^SB 8 (±HlJiS^ip^- s 

(S 1 2 3) . ^<Dt£, #«&fg£gB 3 (i, BfjfEffiiffl*- 

(S 1 2 4) . -ErO^L ffiiJPg|5(iBiIIE#itfia Cf-^ 
^#^*5**5*»Sr*IWU (S 1 2 5) , ££#fctb 
tf, t©xy(-!)|;f-^ (*-k + u = - K©f- 
^)'SrS»U-C (S 1 2 7) , *i««:*T-t-S. fc*t, 

5. 

[0 10 4] L*»U MIES 1 2 Sffl&itf- ^/Wc: 

ft«*0*-irai;i>5i>{key (a) =k?} £¥0 
»rt-5 (S l 2 6) o Zoife^ ID CefcfUi , ^asr 

5a»«rJMHff* (S l 2 8) . . 
[0 10 5] V ^tir^ZT'fo^tmmVtc 

ki IcS'^TiMfta ©Wthg {ki <-n e x t 
ki, a<-a d (ki ) } Srfr? (S129) . -tL 
T, S 1 2 5©tea*»6>»9igUrfi l 5. fc*>\ MIES 
1 2 9<OtoSHc*J^T. ffiffl^— ki S 
e>*ufc*-k*»fefiS*-ki fctf-gL {ki - 
next (ki , k) } , MIEfh^Lfc-Kffi^ 

-ki fcX'S^TSifiaOWeHISrfi 1 ^ittWIlt?*) 

[0 10-6-] — tff3ErS-l~2"8-©-jaa»C*JV*eT -P'V 

^-ki £, gEt-X-V^ 7 Kg&SJlT^S {k 
1 : key (a) } fcmP>a»©Jt««M*fcffl^Ttt«-r 
-5 (SI 3 0) o ^©3$*, {SSl^r— ki ©^a**^ 
-Nf {k! >k e y (a) } fi, </ ©fc#>© ]) V 
^Srffl-So {Rffl^r— ki ©^/h^MS? {kx < 

key (a) } fi, ©fc#© \) >if SrilUSo 

[0 10 7] ;i©P^ cDitfeCOy >-^Srj^5 

#-£t2, x— :7VW©*:#i/^tc5gcy v^/J5ggi,>T0N 
•5** {greater-1 ink (a) fi£? } 5;5>£r 
¥«W (SI 3 4) U /h£l^*-©;fci6©y V^£iiJ5 
W&\*. 'l^l^l^Cy^^^TV^^ {1 e s 
s - 1 ink ( a ) ttffi ? } 5*»Sr!|S||*f ( S 1 3 1 ) f 

[0 10 8] -?:©*§;*, iftfES 13 1, S 1 3 4©*Q!S 

-T*WS®^^$tuTV^iV^i:SrS*-r5©T% aft 

ftfc>*>. iiPf y h y SrfNfc L, S^-TS (S 1 3 3) . 

[0109] mfc, BufEa!i5fc*w y icgE»-s®t$ 



(10) 

^rt^-s^v h y *s#ffi-*-5*e>fi (S 1 3 1 , SI 3 
4) , HJC/jN$^*<oy sfcl^tt*:#^*©y 

(S 1 3 2, S 1 3 5) . ^ LTHtf, bUIES 1 
3 OtOt&m&m'OM-f^kX. l®$W^^-k 

[0110] § 8 : n&M 1 <0®ffl • • • 0 1 3 #RB 

in 1 3 HUB*! i ©wens-?*)*, mmm m, m 2 \z 

[0111] *fHE3*»f*-* £ LTtt, k a , 
a a , ab, abc, b, be, cd, cc, bb, 
d, e, ••••be bfribttZ 1 9<@©=*— (X^ 
m) T*>9, x-y/KO*:# £ (#«S|gc) (i25tL 

fco iatts^<oiHijR»±9ia-eifeofc 0 

T, U^L, 2^®^IU^±1 8®kt£Q. «*«fcJt 
^T^«@tC^> Ufc (^5tEM© 2 #c3P3§fi 7 8 HIT-fco 
fc) . r^c«t9»^|U^s^>U, ^acDi«3S^W 

[0112] § 5 : 2 (0®m • • • El 1 4#H5 

121 1 4 anK0i 2 (ommmx-h 5. 2 1±, in 3 k 
tTofc^j-cfos, mtimmn tmcir 

[0113] i-/j:to*>, mm?— fit LTti, hUIE^ 

01J 1 kfflCX 0 fC, : k*5 N a, a a, ab, ab 
c, b, be, cd, cc, bb, d, e, • • • • b 

c b-.a*e>-*3*i 9<@©=*— CJt^yiJ) -cfct), ?—-7n> 
30 ©**$-(#ifi*htJ:2:«-i-b*T--j:©.« ; &T--T?lc«^- 
<D®#f4 9 @t?fco^s-, 'W #515 

m\^it^-Xm^<0£. 5t-^ofc (2^«?IS]^C^>/£ 
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